INTRODUCTION
A quality of a tooth and a bone, which are a biomaterials, have an individual difference and are known to be affected by body fluid. Then the addition dose method is usually applied to the dosimetry using a tooth and a bone. However, the irradiation of an addition dose can not carry out under the similar environment to original irradiation, that is, the addition dose can be only made on the biomaterial excised from body.
In this study, the calcium-deficient hydroxyapatite-collagen composite, which is near a tooth and a bone, was synthesized by electrolytic deposition method, and the effect of body fluid on the susceptibility of the obtained composite to X-ray irradiation was investigated by ESR spectroscopy.
EXPERIMENTAL
The calcium-deficient hydroxyapatite (Ca 10-x (HPO 4 ) x (PO 4 ) 6-x (OH) 2-x ･nH 2 O, (0＜x≦1.5) ; DAp)-collagen composites (c-DAp, cp-DAp, and cu-DAp) were prepared by the electrolytic deposition method using Ca(H 2 PO 4 ) 2 ･H 2 O (MCP) electrolytic solutions added with various collagens at electrolytic voltage 35.0 V. The collagen-c was supplied from Wako Pure Chemicals Co., and the collagen-cp and collagen-cu with triple helix structure were supplied from Kawaken Fine Chemical Co. The composites produced on the cathode were washed in water, and then were dried in air. A SUS304 stainless steel plate and a Pt plate were used as a cathode and an anode, respectively (1 (2) . Crystal structures of the composite and DAp were investigated by a X-ray powder diffraction (XRD) method using an apparatus equipped with a wide angle goniometer and a graphite monochrometer (Rigaku Denki Ltd, Geigerflex, 2035).
Ca/P molar ratio was investigated with an inductively coupled plasma (ICP, SEIKO, SPS1500U) radiation spectrum analysis method. The collagen contained in the composite was detected by a Fourier transform infrared spectrophotometer (FT-IR, Shimazu, FTIR-4200). ESR measurement of the X-ray irradiated composite and DAp was made at 25 ﾟ C using an X-band ESR spectrometer with a 100 kHz magnetic field modulator and a phase-sensitive detector (JEOL, JES-FE1XG). The g value was calibrated by the signals of Mn 2+ at g = 2.034 and 1.981.
RESULTS AND DISCUSSION
Crystal structures of c-DAp, cp-DAp, and cu-DAp composites and DAp were a single phase of hydroxyapatite, and their crystallinities were lower than that of stoichiometric hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ; HAp). Ca/P molar ratios of c-DAp, cp-DAp, and cu-DAp composites and DAp were 1.61, 1.64, 1.63, and 1.54, respectively, and were remarkably lower than that of HAp (1.67). This results indicate that the calciumdeficient forms in these composites.
FT-IR measurement was carried out on cDAp, cp-DAp, and cu-DAp composites. The FT-IR spectra of the composites have the absorption peaks of about 1500 and 1680 cm -1 due to peptide bond (3) Wavenumber / cm -1 Absorbance / a.u. ( Fig.1) . The ESR measurement was carried out on cDAp, cp-DAp, cu-DAp, DAp, and HAp after X-ray irradiation. The ESR spectra of all samples have the peak at near g = 2. The ESR spectra of all samples except for HAp have also the peaks assigned to hyperfine structure of H + (hyperfine coupling constant = 50.8 mT, I = 1/2) due to HPO 4 2-which capturing the hole released by X-ray irradiation (4) (Fig.2) . Their ESR signal intensities of cDAp decreased with an increase in the amount of collagen added into MCP electrolytic solution. These facts indicate that dangling H + of HPO 4 2-binds to carboxyl group of collagen by hydrogen bond in DAp-collagen composite produced in MCP electrolytic solutions with collagen. On the other hand, the ESR signal intensities of the hyperfine structure of H + in DAp-collagen mixture, obtained by evaporation dryness of a collagen aqueous solution suspending DAp, were not different from that in DAp. That is, dangling H + of HPO 4 2-in DAp bulk did not react with collagen.
From these results, the facts, that Ca/P molar ratios of c-DAp, cp-DAp, and cu-DAp were larger than that of DAp, are suggested that the requirement of charge compensation due to the substitution of HPO 4 2-for PO 4 3-is lowered by the hydrogen bonding between DAp and collagen. Figure 3 shows the absorbed dose dependence of the ESR signal intensity at near g = 2 on c-DAp, cpDAp, cu-DAp, DAp, and HAp. These ESR signal intensities were proportional to an absorbed dose in the range from 6 to 39 Gy. The ESR signal intensities of cDAp, cp-DAp, cu-DAp, and DAp were about one tenth of that of HAp. From the result, the ESR signal intensity was considered to be significantly affected by the crystallinity of apatites (1) .
Further investigation was carried out on the detail assignment of the ESR spectrum at near g = 2 (Figs.4 , 5, and 6). The ESR spectrum at near g = 2 in c-DAp consists of seven ESR signals, and that in DAp and HAp consists of six ESR signals, that is, the spectrum in c-DAp was also observed with the signal of collagen. The observed spectrum (dot line) is approximately similar to the summation (which line is not described) of seven or six signals. In c-DAp, DAp, and HAp, the signals at g = 2.002 and 2.007 were ascribed to electron trapped in OH -defect (F-center) (5) and PO 3 -radical (6), respectively. However, the signals at g = 1.999, 2.012, 2.016, and 2.024 cannot be successfully ascribed until now.
In addition, the effect of body fluid on the susceptibility to X-ray irradiation was investigated. All ESR signal intensities in the X-ray irradiated c-DAp, DAp, or HAp were reduced to about 78 %, 76 %, or 84 % of their initial intensities by suspending the X-ray irradiated c-DAp, DAp, or HAp in the simulated body fluid, respectively. It is generally known that the surface of a tooth and a bone are dissolved in body fluid, and the components of body fluid are deposited on the surface of a tooth and a bone (7) . Then, this reduction was probably caused by the dissolution of the partial surface including 300 320 340 360 Magnetic field / mT Intensity / a.u. 
CONCLUSION
The susceptibility of biomaterials such as a tooth, a bone, etc. to X-ray irradiation was clearly found to be affected by collagen, body fluid, etc. The effect of body fluid on ESR signal intensity must be estimated in the application of the addition dose to ESR dosimetry. 
